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Studies have shown that the speech perception of individuals with hearing loss and 
other perceptual difficulties improves when talkers deliberately use clear speech. Several 
investigations have reported increased recognition scores of 11 to 34 percentage points for 
various listener groups in response to naturally produced clear speech. Studies show that clear 
speech production is highly variable across talkers. Therefore, a consistent method of eliciting 
clear speech that leads to more unified and consistent production outcomes is needed. Limited 
evidence suggests that a training program on how to speak clearly may yield greater listener 
benefit than clear speech produced naturally. The purpose of this study was to evaluate if clear 
speech training can result in more significant and consistent acoustic changes in speech 
production than naturally produced clear speech or a control condition of conversational 
speech. Twelve adult females served as talkers. Their production (in each of the three speaking 
styles) of sentences taken from the Revised-Speech in Noise (SPIN) test was recorded. Ten 
randomly selected speech samples consisting of sentences with target words ending with stop 
consonants were acoustically analyzed. At the sentence level, analyses included the rate of 
speech (syllables per second), mean and maximum intensity, and duration. Analyses at the 
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target word and final stop consonant levels included mean and maximum intensity and 
duration. In addition, phonological changes in target words were measured using subjective 
rater judgments regarding the presence or absence of release of final stop consonants. The 
data showed a strong effect of speaking style with the largest acoustic changes measured in the 
trained clear speech. The study demonstrated that with training, individuals make greater 
acoustic changes to their speech.  Previous studies reported natural clear speech to be 
beneficial for speech perception of listeners with hearing loss (e.g., Picheny et al., 1985, 1986). 
If trained clear speech can be shown to lead to greater speech perception benefits in adults 
with hearing loss, it can be recommended to their communication partners. The results have 
implications regarding the importance of employing clear speech with listeners with hearing 
loss and for counseling and training strategies in the auditory rehabilitation provided to families 
of adults with hearing loss. 
Keywords: clear speech, clear speech training, clear speech production, older adults, 











I want to thank those who helped me see this project to completion. I owe a big thank 
you to my advisor Dr. Brett Martin. Among other good advice, she foresaw the value acoustic 
measures would bring to my study. Their inclusion (despite my pushback!) is what ultimately 
carried me through the challenging times of completing a dissertation during a world pandemic.  
I want to thank my committee member, Dr. Alison Behrman. Your astute feedback was 
invaluable. Your critical eye saved me from several major mistakes in this study's design and 
execution. I am grateful for all your expert advice. I will never forget to start with a theory and 
watch out for the investigator bias! 
Thank you to Dr. Joseph Montano, my other committee member. I appreciated your 
help in creating a clinically impactful study that was practically manageable for a novice 
researcher. You were also my cheerleader! Your positive encouragement and feedback gave me 
the energy to keep moving forward.  
The last year and a half were incredibly challenging for all Ph.D. students. However, 
some of us were lucky enough to have an EO that went above and beyond to help us stay on 
track. A huge thank you to Dr. Mira Goral for all the support, advice, help, and encouragement. 
I would not have completed this project without your help and our Level III student meetings.  
Thank you to my ingenious research assistant, Valentina Illano, for helping me figuring 
out PRAAT measures and segmentation rules. I am incredibly grateful for your assistance in the 
very tedious task of the acoustic measures.  
vii 
 
Thank you to all my capable participants—without you, this project would simply not be 
possible.  
I would not be here if it were not for the endless support of my family: my partner, Ofri, 
my son, Zach, my daughter, Zoe, my parents Lyudmila and Nikolay. Each of you did your part in 
helping me reach my Ph.D. goal, and I am forever grateful for that. I am looking forward to 

















ABSTRACT ..................................................................................................................................................... iv 
ACKNOWLEDGEMENTS ................................................................................................................................ vi 
LIST OF TABLES .............................................................................................................................................. x 
LIST OF FIGURES ........................................................................................................................................... xi 
CHAPTER 1: Background ............................................................................................................................... 1 
1.1. Introduction .................................................................................................................................. 2 
1.2. Characteristics of Clear Speech ..................................................................................................... 4 
1.2.1. Speaking Rate in Clear Speech .............................................................................................. 5 
1.2.2. Pauses in Clear Speech .......................................................................................................... 6 
1.2.3. Intensity of Clear Speech. ..................................................................................................... 6 
1.2.4. Vowel and Consonant Production in Clear Speech. .............................................................. 8 
1.2.5. Talker Differences in Clear Speech Production of Vowels and Consonants. ...................... 12 
1.3. Clear Speech Benefits for Individuals with Hearing Loss ............................................................ 14 
1.4. Clear Speech and Cognition ........................................................................................................ 15 
1.5. Methods of Eliciting Clear Speech .............................................................................................. 16 
1.5.1. Instructional Methods ......................................................................................................... 16 
1.5.2. Clear Speech Training Method ............................................................................................ 18 
1.6. Clear Speech and Listening Effort ............................................................................................... 22 
1.7. Summary ..................................................................................................................................... 23 
1.8. Study Aims .................................................................................................................................. 24 
1.9. Study Hypotheses ....................................................................................................................... 24 
CHAPTER 2: Methods .................................................................................................................................. 25 
2.1.    Participants .................................................................................................................................... 26 
2.2.   Speech Materials ............................................................................................................................ 26 
2.3. Experimental Procedures ............................................................................................................ 28 
2.3.1. Speech recordings and clear speech training ..................................................................... 28 
2.3.2. Clear Speech Training .......................................................................................................... 30 
2.3.3. Recordings Analyses and Processing .................................................................................. 30 
2.4. Statistical Analysis ....................................................................................................................... 36 
ix 
 
CHAPTER 3: Results ..................................................................................................................................... 38 
3.1. Speaking Rate .............................................................................................................................. 39 
3.1.1. Speech Rate (# words/sentence duration) ......................................................................... 39 
3.1.2. Articulation Rate (# syllables per sentence/sentence duration) ........................................ 41 
3.2. Duration ...................................................................................................................................... 43 
3.3. Target word duration .................................................................................................................. 44 
3.4. Word-final stop consonant duration in target words ................................................................. 48 
3.5. Intensity ...................................................................................................................................... 51 
3.6. Sentence intensity ....................................................................................................................... 52 
3.6.1. Target word intensity .......................................................................................................... 53 
3.6.2. Target Stop Consonant Intensity ........................................................................................ 56 
3.6.3. Vowel Intensity ................................................................................................................... 59 
3.7. Ratings of Final Stop Consonant Bursts ...................................................................................... 62 
CHAPTER 4: Discussion ................................................................................................................................ 64 
4.1. Overview ..................................................................................................................................... 65 
4.2. Duration in Trained Clear Speech ............................................................................................... 65 
4.3. Intensity in Trained Clear Speech ............................................................................................... 68 
4.4. Speaking Rate in Trained Clear Speech ....................................................................................... 69 
4.5. Aspiration of Word-Final Stop Consonants in Trained Clear Speech .......................................... 70 
4.6. Uniformity of Acoustic Changes After Training .......................................................................... 71 
4.7. Limitations and Future Directions ............................................................................................... 71 
4.8. Conclusions ................................................................................................................................. 75 
APPENDIX A. Oticon “Communication is a Two-Way Street” Clear Speech Training Program .................. 76 
APPENDIX B.  Lists 1 through 8 of the Revised SPIN Test ........................................................................... 77 









Table 1   The Order of Presentation of Twelve Sentence Lists Among Twelve Talkers ................ 28 
Table 2   Summary of Descriptive Statistics and ANOVA Findings for Intensity Measures ………..39 
Table 3   Summary of Descriptive Statistics and ANOVA Findings for Duration Measures ………..43 
Table 4   Summary of Descriptive Statistics and ANOVA Findings for Intensity Measures ………..51 




















Figure 1. Mean number of words per sentence as a function of speaking condition is shown. ................ 40 
Figure 2. Mean word per sentence rate as a function of speaking condition is shown. ............................ 40 
Figure 3. Mean articulation rate as a function of speaking condition is shown. ........................................ 41 
Figure 4.  Mean articulation rate as a function of speaking condition and talker is shown. ...................... 42 
Figure 5. Mean number of syllables per sentence as a function of speaking condition is shown. ............ 42 
Figure 6. Mean target word duration as a function of speaking condition is shown. ................................ 44 
Figure 7. Mean target word duration as a function of speaking condition and talker is shown. ............... 45 
Figure 8. Word duration changes from conversational to clear and to trained speaking conditions are 
shown. ......................................................................................................................................................... 46 
Figure 9. Mean word duration changes from conversational to clear and conversational to trained 
speaking conditions are shown. .................................................................................................................. 47 
Figure 10. Mean consonant duration as a function of speaking condition is shown. ................................ 48 
Figure 11. Mean consonant duration as a function of speaking condition and talker is shown. ............... 49 
Figure 12. Stop consonant duration changes from conversational to clear and conversational to trained 
speaking conditions are shown. .................................................................................................................. 50 
Figure 13. Mean stop consonant duration changes from conversational to clear and conversational to 
trained speaking conditions are shown. ..................................................................................................... 50 
Figure 14. Mean sentence mean intensity as a function of speaking style is shown. ................................ 52 
Figure 15. Mean target word maximum intensity as a function of speaking condition is shown. ............. 53 
Figure 16. Mean target word intensity as a function of speaking style is shown. ...................................... 54 
Figure 17. Mean target word mean intensity as a function of speaking condition and talker is shown. ... 55 
Figure 18. Mean word intensity changes from conversational to clear and from conversational to trained 
speaking conditions are shown. .................................................................................................................. 56 
Figure 19. Maximum final stop consonant mean intensity as a function of speaking condition is shown.56 
Figure 20. Mean final stop consonant mean intensity as a function of speaking condition is shown. ...... 57 
Figure 21. Final stop consonant mean intensity differences from conversational to clear and from 
conversational to trained speaking conditions as a function of a talker are shown. ................................. 58 
Figure 22. Mean target vowel mean intensity as a function of speaking condition is shown. ................... 59 
Figure 23. Mean target vowel maximum intensity as a function of speaking condition is shown. ............ 60 
Figure 24. Vowel mean intensity differences from conversational to clear and from conversational to 























A primary concern of individuals with hearing loss is difficulty understanding 
conversational speech and participating in everyday social interactions (e.g., Smits et al., 2006). 
Their problems understanding speech are especially pronounced in noisy environments, and 
because of increased effort, often lead to listening fatigue (Pichora-Fuller, 2016). Although this 
difficulty may be mainly due to hearing loss, the degree of the difficulty varies depending on 
talker. It has been reported clinically that individuals with hearing loss can understand some 
talkers better than others (Souza et al., 2013). For example, many patients report that the 
speech of an audiologist is easier to understand than that of family members, despite the 
familiarity of the latter’s voices and speech patterns. This difficulty understanding speech in 
social interactions has been associated with the casual or conversational style of speech 
typically used in everyday conversations. 
The term “clear speech” describes a deliberate manner of speaking used by talkers 
naturally when their goal is to make speech more understandable for the listener (Picheny et 
al., 1985). Audiologists and speech-language pathologists recognize the importance of clear 
speech for speech perception and production of individuals with communication disorders. 
Many early researchers highlighted the importance of recommending clear speech to 
communication partners of individuals with hearing loss (e.g., Muyskens, 1938; Tye-Murray & 
Witt, 1997).  
The use of clear speech training and aural rehabilitation for persons with hearing loss 
waned with the advent of and improvements in hearing aid and cochlear implant technologies 
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at the turn of the 21st century (Ross & Plant, 2001). Thus, although there are clear speech 
programs available for patients with speech disorders (Levy et al., 2017; Park, Theodoros, Finch 
& Cardell, 2016), to our knowledge, no formal clear speech training programs for 
communication partners of individuals with hearing loss exists currently. However, recently, 
there has been an increased interest in clear speech and its benefits for users of hearing aids 
and cochlear implants, especially for those who do not receive sufficient improvement in 
speech perception from these technologies (Chisolm & Arnold, 2012).  
The clear speech phenomenon finds support in the most prevalent speech perception 
theories. For instance, the “word recognition” speech perception theories, such as the TRACE 
model (McClelland & Elman, 1986), suggest that various information contained in speech is 
used to identify single words in order to understand the message. It is thought that the word 
boundaries are more clearly defined in the highly enunciated clear speech (in contrast to 
conversational speech), which allows listeners greater opportunity to recognize its individual 
components (words and phonemes) and therefore perceive it more accurately (Cutler & 
Butterfield, 1991). Likewise, since the motor theory of speech perception purports that speech 
is perceived via encoding of articulatory gestures (see review by Galantucci, et al. 2006), clear 
speech production may allow for better gestural recognition.   
Despite the many studies supporting the benefits of clear speech (see reviews by 
Smiljanic & Bradlow, 2007; Uchanski, 2005), the benefits have been reported to vary greatly 
among listeners (e.g., Maniwa & Jongman, 2008).  Although clear speech production also differs 
among talkers, there does not appear to be a distinct correlation to the clear speech benefit in 
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listeners (Hargus Ferguson & Kerr, 2009; Ferguson, 2012). In other words, acoustic changes 
resulting from clear speech do not necessarily predict the degree of clear speech gain in 
listeners.  Furthermore, although common acoustic features of clear speech (i.e., slower rate, 
high intensity, increased vowel space—reviewed below) have been identified in the literature 
(e.g., Picheny, Durlach & Braida, 1985), the degree of their individual contribution to improved 
speech perception is not well understood. It has, however, been reported that the method by 
which clear speech is elicited (i.e., type of instruction) may play a partial role in the degree of 
speech perception benefit (Lam, Tjaden, & Wilding, 2012; Lam & Tjaden, 2013). Furthermore, a 
limited number of studies (e.g., Caissie et al., 2005) suggest that a clear speech training 
program may result in greater listener perceptual benefit, thus having real-world implications, 
such as for the aural rehabilitation of individuals with hearing loss. Therefore, more research is 
needed to examine acoustic changes resulting from trained clear speech and their consequent 
effects on speech perception in listeners with hearing loss.  
1.2. Characteristics of Clear Speech 
 
The improvement in listener’s speech perception resulting from clear speech, known as 
clear speech gain, has been described in the literature for quite some time (e.g., Chen, 1980; 
Picheny et al., 1985; Schum, 1996; Snidecor et al., 1944; Tye-Murray & Witt, 1997, May; 
Tolhurst, 1957). For example, in 1957, Tolhurst instructed talkers to decrease their rate or 
speak more clearly and observed a 9-percentage point increase in recognition of phrases by 
normal-hearing listeners while listening in the presence of “aircraft” noise (Tolhurst, 1957). 
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The acoustic characteristics of clear speech that distinguish it from conversational 
speech were described by Picheny et al. (1986) in their seminal paper). They include decreased 
speaking rate, released stop bursts and word-final consonants, lengthened consonants and 
vowels, expanded acoustic vowel space, and elevated fundamental frequency mean and range 
values.  These have since been further studied by others, as discussed below. 
1.2.1. Speaking Rate in Clear Speech  
Several studies evaluated speaking rate in clear speech (Caissie et al., 2005; Bradlow et 
al., 2003; Picheny et al., 1986; Uchanski et al., 1996). Jacewicz et al. (2009) point out that 
speaking rate, in contrast to articulation rate (or speech tempo), is a global measure and is 
calculated by including pause intervals and other fillers. Measurements of speaking rate in clear 
speech studies follow this method. Bradlow et al. (2003) calculated overall sentence duration, 
whereas Picheny (1986) and Caissie (2005) used words per minute calculation. These 
approaches reflect that a slower rate in clear speech results from phoneme modification and 
longer pauses inserted between words. To assess the contribution of slower rate in clear 
speech to its clarity, Krause and Braida (2004) evaluated acoustics of speech productions by 
talkers with previous public speaking experience, such as involvement in television or radio 
broadcasting or being on a college debate team. These talkers produced clear and 
conversational speech at slow, average, and quick speech rates. The authors found that 
improvements in speech perception with clear speech were independent of speaking rate. They 
concluded that some other acoustic properties of clear speech, other than its rate, are 
responsible for perceptual improvements. However, this study only employed young, normal-
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hearing listeners. Studies of the effects of the speech rate on speech perception in the elderly 
and individuals with hearing loss have shown that both age and hearing loss are associated with 
decreased perception of rapid speech (Wingfield et al., 2006). However, unlike the Krause and 
Braida study above, in the Wingfield study, the rapid speech was obtained artificially by time-
compressing it using a sound editing software, which might have contributed to its decreased 
clarity.  
1.2.2. Pauses in Clear Speech 
 
Although clear speech features described by Picheny et al. (1986) may be observed in 
clear speech, not all are necessarily important for improved speech perception (Krause & 
Braida, 2002; Uchanski et al., 1996). For example, Uchanski and colleagues (Uchanski et al., 
1996) removed pauses from clear speech samples and observed a decrease in speech 
perception (4-point reduction in key-word scores). However, speech perception decreased 
(reduction in key-word scores by 8 points) when additional pauses were artificially inserted into 
conversational speech samples at the same locations in which they naturally occurred in clear 
speech.  The authors pointed out that the importance of pauses in clear speech should not be 
overestimated. Perhaps pauses facilitate other changes in speech production, such as more 
defined consonants and vowels (discussed below in the section on vowel and consonant 
production in clear speech). 
1.2.3. Intensity of Clear Speech.  
Another important and consistent feature of clear speech is its increased overall 
intensity of about 5 to 8 dB (e.g., Payton et al., 1993), which significantly enhances speech 
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perception. Most clear speech researchers equalized the intensity of conversational and clear 
speech samples to study other aspects of clear speech that were believed to play a greater role 
in improved speech perception (Uchanski, 2005). For example, Bradlow & Bent (2002) rescaled 
the RMS amplitude of their sentence materials to 65 dB SPL so that conversational and clear 
speech was presented to the listeners (who had normal hearing) at the same intensity level. 
This method also generally allows researchers to eliminate differences in speech loudness 
between individual talkers (Lam & Tjaden, 2013). In addition to equalizing the intensity of both 
speaking styles, in the studies that used listeners with hearing loss, researchers used various 
means of ensuring the audibility of materials. For instance, Payton et al. (1993) and Howell and 
Bonnett (1997) used the Most Comfortable Level (MCL) procedure to determine presentation 
level. Payton et al. (1993) asked the participants to adjust the intensity to the most comfortable 
level at which they perceived speech as most intelligible.  Ferguson (2012) used a presentation 
level of 85 dB SPL with listeners who had on average a mild to moderately-severe sensorineural 
hearing loss above 1000Hz. Caissie et al. (2005) presented the speech materials at 65 dB HL and 
allowed listeners with hearing loss to wear their hearing aids during testing.  
  In the studies by Payton et al. (1993), Ferguson (2012), Caissie et al. (2005), and many 
others, attempts were made to ensure that audibility does not influence the ease of speech 
perception. However, some may still argue that more careful consideration of the degree and 
configuration of hearing loss in individual participants is needed when studying the effects of 
clear speech. Nevertheless, when comparing data from studies that used typical hearing 
participants and those with hearing loss, both groups showed comparable clear speech 
benefits. For example, Payton et al. (1993) measured a 20-percentage point improvement in 
8 
 
participants with normal hearing and 26 percentage points for participants with hearing loss. 
Uchanski et al. (1996) reported 15 percentage points improvement in normal-hearing adults 
and 16 percentage points in adults with hearing loss. However, the conditions under which 
these groups were examined differed: adults with hearing loss were tested in quiet and adults 
with normal hearing listened in background noise. Although the different conditions were 
employed to equalize the difficulty level of the listening task, they may have created unequal 
demands on cognitive processing from the two groups. When comparing the results from 
different studies, some other methodological differences become apparent, making their direct 
comparison difficult.  For example, various materials included words, regular sentences, and 
non-sense sentences (i.e., Picheny et al., 1985 vs. Schum, 1996 vs. Gagné et al., 1994). 
Furthermore, some studies were done in quiet, while others in different levels of various 
background noise. Finally, auditory and auditory-visual modalities were employed (i.e., Helfer, 
1997, 1998).  
1.2.4. Vowel and Consonant Production in Clear Speech.  
As reviewed above, the rate, pauses, and intensity of clear speech do not appear to fully 
explain improved speech perception.  Therefore, several researchers examined segmental 
features of clear speech to understand which may underlie the improvements noted (Bradlow, 
2002; Ferguson, 2012; Ferguson & Kewley-Port, 2007; Ferguson & Kewley-Port, 2007; Maniwa 
et al., 2008; Picheny et al., 1986). Many of them reported a link between improved production 
of segmental elements of clear speech and better speech perception. 
Ferguson and Kewley-Port (2007) examined the clear speaking style of 12 talkers 
producing vowels. Six of these talkers produced a larger clear speech perception benefit 
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compared to their conversational style by listeners with normal hearing and six others did not. 
The vowel productions of talkers rated as more intelligible had a greater duration (41% versus 
25% in speakers with no benefit) and overall acoustic vowel space (an increase of 9% vs. 3% in 
speakers with no benefit) compared to less intelligible talkers.  
Clear speech was found to be produced with a greater enunciation of some consonants, 
such as fricatives. Consonant enhancement by talkers in clear speech appears to be a good 
strategy. In connected speech, one of the difficulties a listener faces is word segmentation 
(Cutler & Butterfield, 1991). This task is especially difficult in conversational speech due to 
coarticulation effects, which blur word boundaries, resulting in perceptual errors. Bond and 
Garnes (1980) found that listeners make more errors in the perception of consonants than 
vowels.  
Maniwa & Jongman (2008) observed that sibilant fricatives produced in minimal pairs 
using clear speech were characterized by higher peak locations, higher frequency content on 
average, and more defined peaks. However, although more clearly produced fricatives were 
observed to correlate with increased speech perception, the effects varied across listeners from 
-4% to +11% (mean 4.6%, std. 3.9%) difference between “clear” versus “conversational” speech 
perception accuracy (Maniwa & Jongman, 2008). Furthermore, the listeners in this study had 
normal hearing. Listeners with hearing loss may not take advantage of consonant cues offered 
by clear speech because of high-frequency hearing loss (Saripella et al., 2011). The higher 
frequency content of consonants might have a negative effect on speech perception in listeners 
with a typical high-frequency hearing loss. In fact, in a study by Makashay, Solomon & Summers 
(2016), which looked at conversational versus clear speech perception of nonsense syllables, 
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some individuals with hearing loss scored significantly higher on perception measures of 
conversational speech.  
Rather than focusing primarily on the acoustics of clear speech, some researchers 
examined conversational speech. Picheny et al. (1986) performed an extensive analysis of three 
speakers' conversational and clear speech samples. The materials used were nonsense 
sentences. In addition to looking at global (intonation, pauses, tempo, etc.) and phonetic (e.g., 
amplitude and duration of individual sounds) features, the researchers examined phonological 
changes. Phonological changes were categorized as follows: 1. Vowel modification (vowels 
becoming schwa-like); 2. Burst elimination (for stop or plosive consonants); 3. Degemination 
(merging of sounds); 4. Alveolar flap (for /t/ and /d/); 5. Miscellaneous sound deletion (not 
described in 1-4); 6. Sound insertion (addition of schwa in word-final position). The three most 
pronounced differences observed were vowel modification, burst elimination, and sound 
insertion. While sound insertion was primarily seen in clear speech, conversational speech 
samples displayed significantly greater instances of vowel modification and burst elimination in 
content words (not seen in function words). For example, there were 39, 24, and 41 instances 
of burst elimination in the conversational speech of three talkers. Their clear speech samples 
showed only 8, 9, and 16 modifications in each talker, respectively.  These research findings 
contribute to the evidence that one aspect of clarity in clear speech arises from selected 
phonological changes at the segmental level.  
Several studies explored the intensity relationship between consonants and vowels and 
how this relationship may affect speech clarity for individuals with hearing loss. Consonant to 
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vowel intensity ratio (CVR) represents the decibel difference between the neighboring 
consonant and a vowel. Studies investigated the importance of CVR for speech perception for 
various groups of listeners and revealed mixed findings. It appears that increasing consonant 
intensity relative to vowels may lead to improvements in perception of some consonants (e.g., 
Freyman et al., 1991; Shobha et al., 2009). However, the increase in consonant audibility in 
these studies may have confounded their findings. When Sammeth et al. (1999) manipulated 
CVR by decreasing vowel intensity, they failed to show an improved speech perception from 
CVR enhancement.  
Evaluation of CVR in clear speech studies, especially those that utilized sentence 
materials, is complicated by the intensity variations of consonants and vowels. Recognizing this 
issue, some researchers instead analyzed the relative intensity of consonants. Picheny et al. 
(1996) reported increased consonant intensity as one of the acoustic features of clear speech 
(which appears to result from slowed speech rate and released consonants) of as much as 10 
dB for clear speech production of some consonants (Picheny et al., 1996).  
Although increased consonant intensity in clear speech has been reported, it is not 
immediately apparent if it results in greater clear speech benefit. In studies that used sentence 
materials, it was found that vowels play a more critical role in the perception of the message 
than consonants, especially for older listeners with hearing loss (Fogerty et al., 2012; Fogerty et 
al., 2009; Kewley-Port et al., 2007). For example, Fogerty et al. (2012) compared a relative 
contribution of consonants and vowels to perceived speech perception in words and sentences 
by normal hearing younger listeners and older listeners with and without hearing loss. Speech 
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materials were processed to contain either primarily vowel or consonant information by 
replacing one and then the other phoneme groups with noise. The materials were scored based 
on the number of words repeated correctly. The percent-correct scores were then converted to 
rationalized arcsine units (RAU) for statistical analysis. These researchers found that vowels 
contributed to sentence speech perception cues, especially for older adults with hearing loss. 
According to their findings, older adults with hearing loss gained 50 RAU benefit for sentence 
recognition versus word recognition provided by the vowels.  
However, Saripella et al. (2011) found that higher consonant intensity is beneficial for 
speech perception in noise by older adults with hearing loss. The authors used sentence 
materials in which they manipulated noise and consonant intensity. The initial findings showed 
that older adults with hearing loss received a significant speech understanding benefit from low 
intensity but clear consonants (no noise). However, they received 64% less benefit from lower 
intensity consonants at low signal-to-noise ratios than normal-hearing listeners. The 
researchers then amplified the consonants presented in noise and found an approximately 10 % 
improved speech perception by listeners with hearing loss. This suggests that clear speech, 
which has been shown to have greater consonant intensity, may be beneficial for older listeners 
with hearing loss, particularly in noisy environments.   
1.2.5. Talker Differences in Clear Speech Production of Vowels and 
Consonants.   
Several studies have reported individual differences among talkers when using clear 
speech (e.g., Bradlow, 2002; Ferguson, 2012; Ferguson & Kewley-Port, 2002; Ferguson & 
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Kewley-Port, 2007). In a series of studies, Ferguson and colleagues (Ferguson, 2004; Ferguson & 
Kewley-Port, 2007; Ferguson, 2012; Ferguson & Morgan, 2018) evaluated talker differences 
when producing vowels in clear and conversational speech styles as perceived by younger and 
older adult listeners with and without hearing loss. For instance, as mentioned above, vowel 
space expansion was observed across talkers; however, individual vowel duration changes 
varied greatly (Ferguson & Kewley-Port, 2007). Moreover, vowel space expansion and vowel 
prolongation coincided with improved speech perception for some but not all talkers in 
listeners with normal and impaired hearing. Ferguson & Kewley-Port (2007) reported that some 
talkers were atypical, as vowel space expansion and vowel prolongation in their speech had an 
inverse relationship to its clarity. In other words, vowel space expansion and prolongation 
resulted in reduced speech perception in these talkers. Improvement in speech perception for 
vowels produced in isolation in clear speaking style varied greatly from -12 to 33 percentage 
points for listeners with normal hearing (Ferguson, 2004). Possibly different talkers employed 
different methods of vowel modification, some of which may or may not have been beneficial. 
Alternatively, vowel modification may play only a partial role in improved speech perception.  
In an attempt to explain talker variability in clear speech, Ferguson and others 
(Ferguson, 2012; Schum, 1996) examined age and gender effects on the speech perception of 
clear and conversational speech produced by young and elderly talkers. Schum (1996) used two 
groups of native talkers of English, young (22 to 39 years) and elderly (62 to 70 years), ten 
persons each. Both groups were instructed to speak clearly (as if speaking to a person with 
hearing loss) and enunciate each word as much as possible while reading meaningful sentences. 
The sentences were adapted from sentence lists included in the Johns Hopkins Lipreading 
14 
 
Corpus (Bernstein & Eberhardt, 1986). These sentence productions were recorded, and the 
recordings were then played to a group of listeners with an average of mild sloping to severe 
sensorineural hearing loss, whose ages ranged from 60 to 77. Clear speech yielded improved 
sentence understanding compared to conversational speech (22 RAU for the younger talker 
group and 17 RAU for the older talker group on average). These improvements were 
statistically significant for sentences produced by both the young adult talkers and the elderly 
talkers. However, there was no statistically significant difference in improvement for the 
sentences produced by the two groups of talkers, indicating no talker age effects on perception.  
Ferguson & Kewley-Port (2007) examined gender effects on the production of vowels in 
clear speech and reported significantly greater vowel clarity of adult female talkers for younger 
listeners with normal hearing (72.5% for females and 65.0% for males). However, in her 
subsequent study in 2012, Ferguson did not find any significant effects of talker gender on 
vowel perception by elderly listeners with hearing loss. The listeners in this study were 54 older 
adults (65 to 87 years old) who had mild bilateral sloping to moderately-severe sensorineural 
hearing loss. The presence of a high-frequency hearing loss in these listeners may have reduced 
or eliminated the perception of the acoustic cue enhancements the female talkers used to 
increase vowel clarity. 
1.3. Clear Speech Benefits for Individuals with Hearing Loss 
 
Since individuals with hearing loss are one population that could benefit from clear 
speech, several research studies employed listeners with hearing loss. In some of the studies, a 
relatively equal clear speech benefit was shown for participants with normal hearing as well as 
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various degrees of sensorineural hearing loss (Bradlow & Bent, 2002; Helfer, 1998; Krause & 
Braida, 2002; Payton et al., 1994; Uchanski et al., 1996). Payton et al. (1993) demonstrated a 20 
percent improvement in speech perception for listeners with normal hearing and a 26 percent 
improvement for listeners with hearing loss in speech perception of nonsense sentences when 
produced using a clear speaking style. In a study by Ferguson and Kewley-Port (2002), on the 
other hand, older listeners with hearing loss did not show improved understanding of materials 
spoken clearly compared to those spoken using conversational speech. However, these 
researchers used word materials to evaluated vowel perception. It is likely that the 
performance of individuals with hearing loss varies as a function of the materials used and 
improves when sentences are used, as older adults may be able to rely more on coarticulation 
and contextual cues (Pichora‐Fuller, Schneider, & Daneman, 1995). Furthermore, it is possible 
that when words are produced in citation speech (in isolation), they are more precise than in 
running speech so that the changes when spoken in a clear speech style are minimal.  
1.4. Clear Speech and Cognition 
 
In addition to considerations due to peripheral hearing loss, central auditory processing 
and cognition should also be considered for older listeners with and without hearing loss, 
especially when sentence materials are used (Anderson et al., & Kraus, 2012; Shinn-
Cunningham & Best, 2008). Since sentences aid understanding by providing contextual cues, 
most research studies on clear speech that used sentence materials employed nonsense 
sentences in an attempt to isolate the auditory aspects of speech perception and reduce the 
effects of cognition (e.g., Helfer, 1997, 1998; Krause, 2001; Krause & Braida, 2002; Picheny et 
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al., 1994, 1985; Uchanski et al., 1996). However, Gagné et al. (1995) study that used meaningful 
sentences with normally hearing participants yielded an average improvement for clear speech 
perception of 14 percentage points.  This finding was in line with other studies that used words 
and nonsense sentence materials with normal hearing participants. Schum (1996) used 
meaningful sentences with older individuals with mild to moderate hearing loss and reported 
clear speech benefit (22 RAUs) comparable to other studies that used words and nonsense 
sentence materials. This finding suggests that clear speech benefit is most likely independent of 
the cognitive status of the listeners. 
1.5. Methods of Eliciting Clear Speech  
 
1.5.1. Instructional Methods 
Clear speech studies have used various instructions to elicit clear speech production. For 
instance, many researchers asked their talkers to speak as if they are speaking to someone with 
a hearing loss or are having a conversation in a noisy place (Ferguson & Kewley-Port, 2007; 
Ferguson & Morgan, 2018, Picheny et al., 1986; Schum, 1996). Martin and Ross (1994) 
examined the effects of two forms of requests for repetition on the intensity of speech: “What 
did you say?” and “I have a hearing loss, what did you say?” The goal was to examine whether 
informing the talker of the listener’s hearing loss leads to talker speech modifications beneficial 
for the listener (i.e., clear speech). Both requests resulted in a significant increase in talkers’ 
vocal intensity (average enhancement of 3.95 dB), although the second request yielded more 
consistent changes across talkers.  
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Due to the variability in clear speech benefit across studies as well as differences in 
individual talker effects, Lam and colleagues (Lam & Tjaden, 2013; Lam et al., 2012) sought to 
investigate the impact of different methods of instruction on clear speech production. Four 
speaking conditions were assessed: habitual (conversational speech) and three non-habitual 
conditions. Clear speech samples (sentences) were elicited via three different sets of 
instructions: 1. “Speak clearly,” 2. “Talk to someone with a hearing impairment,” and 3. 
“Overenunciate.” The researchers measured acoustic changes in vowel production, speech 
timing (segment and pause duration, number of pauses, and articulation rate), and vocal 
intensity. Vowel production measures were based on the analyses of F1 and F2. They included 
the following: vowel space area, F1 and F2 ranges, tense-lax spectral distance, intravowel 
distance, vowel spectral change, speaking rate, articulation rate, and vowel duration. Findings 
revealed that non-habitual instructions yielded a greater degree of change in these acoustic 
properties, with “overenunciate” instruction resulting in the greatest and statistically significant 
changes for all but three measures: F1 range, intravowel distance and overall sentence 
intensity. The authors suggested that “overenunciate” instruction may be most effective for 
clear speech training.  
The study by Lam et al. (2012) did not examine changes in consonant production and, 
more importantly, did not address the effects of the resultant acoustic differences on speech 
perception. Therefore, in a follow-up study (Lam & Tjaden, 2013), a group of forty adult 
listeners with normal hearing were employed to orthographically transcribe the recordings 
from the 2012 study above, mixed with multi-talker babble. The authors evaluated percent 
correct intelligibility scores, listener response variability, individual speaker trends, and a 
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measure of the proportion of content words correct to assess the perceptual effects of 
different instructions.  Here again, the “overenunciate” instruction yielded the most significant 
benefit for speech perception. Mean Sentence Intelligibility Test (SIT) scores in male listeners 
were approximately 46% in habitual (conversational), 60% in “speak clearly,” 73% in “hearing 
impaired,” and 75% in “overenunciate” conditions. However, data variability as a function of 
listener and talker was noted. Although the average talker benefits were 15% (clear speech), 
21% (hearing impaired), and 26% (overenunciate), individual benefit varied from 2% to 47%. 
Despite this variability, when combined with the previous study from 2012, Lam and colleagues 
showed that different instructions yield different degrees of change from conversational to 
clear speech.  More studies are needed to examine why some talkers produce greater change 
than others, what role instruction plays in those differences, and how to best train talkers in 
clear speech production, potentially using multiple methods of elicitation. Information from 
such studies can inform the development of clear speech training techniques. Additionally, 
other groups of listeners need to be investigated as the effect of instruction may be different if 
the listeners have hearing loss. For example, the overenunciate condition could potentially 
distort speechreading cues.  
1.5.2. Clear Speech Training Method 
An argument can be made that some individuals can produce clearer speech because of 
their previous speaking experience. For instance, talkers with expertise in public speaking have 
higher speech intelligibility index scores than individuals with no such experience (Krause & 
Braida, 2004). Additionally, training that specifically targets the development of clear speech 
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techniques may further improve talker speech clarity. Behrman (2017) conducted a study using 
a single-case experimental design to test a clear speech training protocol as a novel method of 
accent management in non-native English talkers. The author indicated that the primary goal of 
the training was to improve the clarity for the listener and not reduce the accent. The training 
consisted of five 45-minute face-to-face sessions and additional home exercises for six native 
Spanish speakers proficient in English with moderate to heavy Spanish accents. The ease of 
understanding and accentedness were measured using a 7-point Likert-type scale (7=very hard 
to understand, 1=very easy to understand). Thirty native English-speaking listeners judged 
talkers’ speech. The ease of understanding, which was probed several times prior, during, and 
post-training, improved significantly for all six talkers. The reported mean improvement for all 
talkers was 3.5 points (out of 7, effect size range = 6.98 to 15.33), thus showing the 
effectiveness of clear speech training for non-native English talkers’ speech clarity. 
To address the use of clear speech training for communication partners of individuals 
with hearing impairment, Caissie and colleagues (Caissie et al., 2005) recruited two male talkers 
whose spouses had hearing loss. One talker received the typical instruction to speak clearly as if 
speaking with a person with hearing loss; whereas, the second talker was enrolled in a clear 
speech intervention program. The training consisted of one 45-minute training session and a 
15-minute follow-up refresher session one week later. Both speakers were recorded reading six 
10-sentence CID Everyday Sentence lists, repeating each sentence five times, using 
conversational and clear speaking styles over three recording sessions. Each speaker’s 300 
sentence samples were then acoustically analyzed for the rate of speech (calculated via the 
number of syllables per second) and F0 variation measures (mean F0 and F0 range). Next, 60 
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randomly selected (for the recording session and the speaker) sentences, 10 in each of the 
three conditions (conversational speech, initial clear speech, and clear speech one week later), 
were played to 15 participants with normal and 15 participants with impaired hearing (pure 
tone average in the right ear-59 dB, left ear-50 dB). The materials were played in the presence 
of multi-talker babble at a +10 signal-to-noise ratio. The rationale for using the babble and this 
ratio was not presented. Still, it may be because the researchers wanted a condition 
manageable for listeners with hearing loss at the presentation level of 65 dB HL. Caissie and 
colleagues found that simply instructing talkers to speak clearly resulted in a decreased speech 
rate from 4.55 syllables per second to 3.1 syllables per second.  A slight increase in F0 from 
132Hz to 136Hz was also noted. However, clear speech training lead to greater changes in the 
speech rate (from 3.39 to 2.20) and the mean F0 (from 128 to 138Hz). The researchers also 
found that the talker who received training in clear speech yielded more significant 
improvements in sentence recognition (33% vs. 18% more intelligible), especially for the 
listeners with hearing loss, whose average scores went from approximately 55% to 98% (as 
compared to listeners with normal hearing that went from 93 to 100%). The researchers 
concluded that a clear speech intervention is beneficial and leads to greater improvements in 
speech production than clear speech elicited via instruction, which, in turn, results in better 
sentence recognition in noise by individuals with a hearing loss.  
 Several limitations of Caissie’s study must be noted. First, the experimental talker used 
in the study had a more intelligible conversational speech than the control talker. As a result, 
both groups of listeners scored higher when listening to his conversational speech samples. 
Furthermore, it is unclear if this talker’s speech style might have contributed to better speech 
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perception by the listeners when using clear speech; thus, undermining the findings of the 
effects of clear speech training.  
Second, related to the first issue, only two talkers were used in the study. As reported 
by other studies on clear speech, findings appear to reveal significant variability between 
talkers consistently. Consequently, the use of only two talkers in Caissie’s study increases the 
risk for this variability. It might not represent the spectrum of changes in speech production 
that might be apparent if more talkers had been utilized. Although 300 sentence samples were 
employed from each talker for the analyses, the fact that these samples came from only two 
participants limits the potential generalizability of the findings.  
Thirdly, the experimental talker's clear speech sentence recognition scores, listened to 
by participants with hearing loss and normal hearing, were at or close to 100% in this study. 
Possible ceiling effects might have masked the true magnitude of the speech recognition 
improvements, especially for participants with normal hearing when listening to clear speech 
samples of the experimental talker. It appears that the listening task employing multi-talker 
babble at +10dB signal to noise ratio might have been too easy for individuals with normal 
hearing. In other studies looking at clear speech on speech perception by persons with normal 
and impaired hearing, signal-to-noise ratios as low as -10 for normal hearing participants and 
ratios between -3 and +3 for listeners with hearing loss were employed (Ferguson, 2004; 
Ferguson, 2012; Helfer, 1997; Helfer, 1998). It should also be pointed out that most studies 
evaluated the speech perception of individuals with hearing loss in quiet (Uchanski, 2005). 
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On the other hand, conversational speech produced by the control talker in the Caissie 
study yielded surprisingly low speech recognition scores, especially for listeners with hearing 
loss (55% for participants with normal hearing versus 35% for participants with hearing loss). 
However, these scores might have been due to the particular speaking style of the control 
talker, further suggesting that the study could have benefited from more talkers.  
1.6. Clear Speech and Listening Effort 
 
Like other studies on the effects of clear speech on speech perception, Caissie's study 
examined changes using the standard measure of speech recognition scores. Although this 
measure consistently revealed sizable effects of clear speech on perception ranging from 12 to 
33 percentage points (see review by Caissie, 2005), these findings may not reflect the full 
advantage of listening to clear speech, especially for older individuals with hearing loss. In 
addition to improvements in speech recognition, the effort required for speech perception 
might be reduced. This reduced listening effort may be reflected only indirectly in speech 
perception scores, and its measurement may reveal additional information about the benefits 
of clear speech to listeners. Listening effort measures attempt to quantify how much mental 
effort, attention, concentration, etc., a listener must employ to understand speech. For 
instance, listening to speech in adverse listening conditions, such as background noise, would 
require a listener to exert a more significant effort to understand it. The exact mechanism 
behind the listening effort is still unknown. Literature on listening effort highlights that it is a 





 Clear speech as a speaking style is perceptually beneficial to listeners with normal and 
impaired hearing when measured via speech recognition scores of various speech materials. 
Furthermore, clear speech has been reported to differ acoustically from conversational speech. 
Clear speech is typically slower in rate, higher in intensity and frequency, and has more 
frequent and longer pauses. Talkers can vary significantly in the use of these features, some of 
which can be absent in clear speech (i.e., slower rate). Clear speech has been described to be 
produced with greater definition and higher F0 of consonants and longer vowels characterized 
by greater vowel space. Although these acoustical features are seen more frequently in highly 
intelligible clear speech, they are not typically present all at once. Thus, the production of those 
features varies greatly among talkers, and different talkers have different speech styles and 
employ different strategies when using clear speech. 
 Clear speech can be elicited by giving instructions, i.e., “speak clearly,” “speak as if 
speaking to someone with hearing loss,” and “overenunciate.” The instruction to 
“overenunciate” has been shown to yield better speech perception than other instructions. 
Furthermore, a clear speech training program may result in even greater benefit than various 
instructions; however, thus far, only one study has examined benefits from such a program. 
Furthermore, an examination of how clear speech training might affect the ability of individuals 
to speak clearly may provide insight into important factors for speech clarity and offer practical 
guidance to clinicians in the provision of Aural Rehabilitation.  
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1.8. Study Aims 
 
This study aimed to examine the effects of clear speech training on the following 
aspects of speech production: rate of speech, duration and overall mean/maximum intensity of 
sentences, overall mean/maximum intensity of the target words, mean/maximum final stop 
consonant intensity and duration in target words, and release of final stop consonants in target 
words. To address the above, speech samples were recorded in conversational, clear speech 
and trained clear speech styles in a group of twelve female monolingual adult native speakers 
of American English over the age of twenty-one.  
1.9. Study Hypotheses 
 
It was hypothesized that speech production measures, following clear speech training, 
will differ from speech production measures obtained during recordings in conversational and 
clear speech styles as follows: 
a. The examination of trained sentence samples will reveal the lowest speech rate and 
highest intensity.  
b. Analyses of target word production will show the highest overall, vowel, and word-
final stop consonant intensity, the longest overall and stop consonant duration, and 































2.1.    Participants 
 
Twelve adult female monolingual native speakers of American English were recruited as 
talkers for participation in the study. Participants’ age ranged from 21 to 70 years old (M = 
36.6, SD = 14.9). Participants had no reported history of hearing, neurological, speech, or 
language disorders reported at the time of the study. All participants were native New Yorkers. 
Talkers were informally screened during an interview for their ability to produce distinguishable 
clear speech by the principal investigator (PI). During the screening, the potential participants 
were asked to read short sentences in conversational and clear speech. Talkers were enrolled in 
the study if they displayed a difference in their clear speech compared to conversational speech 
as judged by the PI.   
 2.2.   Speech Materials 
Most previous studies used sentence materials to assess the production and perception 
of clear speech (e.g., Hefner, 1997, 1998; Payton et al., 1994; Picheny et al., 1985; Ushanski et 
al., 1996). Sentence materials allow for a better approximation of acoustic properties of real-life 
speaking and have better ecological validity for listening than smaller speech units, such as 
phonemes, syllables, or words. Sentences contain transitional cues that are not present in 
phonemes and only partly present in words. On the other hand, sentences may also have 
contextual, linguistic, and syntactic cues. Consequently, some may argue that pure evaluation 
of auditory processing may not be possible with sentences. To avoid the confounding effects of 
linguistic cues, Helfer (1997 & 1998) used nonsense sentence materials. Helfer measured a 
clear speech benefit of 17 percentage points, which was on the lower end of the range reported 
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in the literature (18% - 33%) (see reviews by Caissie et al., 2005 and Smiljanic & Bradlow, 2009). 
The use of nonsense sentences made the task more difficult (not typical of real-life listening). 
Still, it is unclear whether the smaller clear speech benefit was because the task was too 
difficult or another reason. 
In consideration of this issue, the Revised-Speech Perception in Noise (R-SPIN) test 
sentences (Bilger et al., 1984a and 1984b) were used in this study. The original SPIN (Kalikow et 
al., 1977) was revised by Bilger and colleagues (1984a and 1984b) to achieve equivalence of 
SPIN test forms. As the result of their investigation, Bilger redistributed the original SPIN 
sentences, eliminated 31 and added new 19 sentences. The resultant R-SPIN test consists of 
eight test forms, 50 sentences each, with word test items as the final word in the sentence.  
Based on the sentence's content, these words have either a low or a high probability (LP or HP) 
of occurrence. The low predictability sentences limit the ability of the listener to use linguistic 
and contextual cues to perceive the word. It was hoped that these materials could better 
approximate the various levels of difficulty listeners typically come across in real-life listening 
situations.  With different talkers, the sentence lists may not be equivalent, so counterbalancing 
was used. 
None of the talkers read the same SPIN sentence more than once in any of the speaking 
styles to reduce bias and learning effects. Thus, 384 (192 LP and 192 HP) of the 400 sentences 
were selected and divided into twelve lists containing 32 sentences each (16 LP and 16 HP 
sentences). Sentences were selected and distributed among new lists such that half of LP and 
half of HP sentences in each list had target words ending with a stop consonant. The twelve lists 
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were split and counterbalanced between three listening conditions so that none of the lists was 
repeated by any of the twelve talkers or in the same condition (see Table 1).  
Table 1.  
 
The order of presentation of twelve sentence lists among twelve talkers. 
2.3. Experimental Procedures 
 
2.3.1. Speech recordings and clear speech training 
Due to the COVID-19 pandemic at the time of the study, a remote data collection 
method was used to abide by the orders of quarantine and social distancing. Talkers were 
recorded and trained via Zoom videoconferencing. Password-protected and unique Zoom 
meetings were set up for each of the talkers. Before the meetings, talkers were mailed an 
external USB headset with a microphone for the recordings during sessions. Participant speech 
productions were recorded and saved as WAV files on their computer using a browser-based 
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voice recorder (voice-recorder-online.com) to avoid the potential problem of poor audio 
reception due to inadequate internet connection. Talkers were instructed to download and use 
a sound level meter app to check and ensure an adequately quiet sound environment. The 
sound level meter app was also used to calibrate sound level (procedure described below in the 
“Recordings Analyses and Processing” section). The participants deposited the recordings into 
an Outlook cloud folder created for and accessible by the individual talkers and the PI.  
Three speech recording sessions were completed during one Zoom meeting. Each of the 
three recordings consisted of 32 R-SPIN sentences—16 LP and 16 HP (Table 1). For the first 
recording (following a practice run), talkers were asked to read sentences aloud using a casual 
conversational speaking style described in clear speech studies mentioned above (i.e., Caissie et 
al., 2005). Following the first recording session, the talkers were asked to read another set of 32 
sentences while using clear speech. Talkers were asked to adopt a clear speech speaking style 
that they would naturally use when speaking with a person who has a hearing loss: “speak 
slower and enunciate words and sounds.” Next, after a small break, talkers received a 30-
minute clear speech intervention training (see below). In Behrman’s study (2017) of clear 
speech training described above, more than half of participants started to show improvements 
in ease of understanding after one training session. The third recording session took place after 
the training. During this recording session, the talkers were asked to use the clear speech 
speaking style they had learned during the training while reading the third set of 32 sentences. 
The entire Zoom meeting lasted approximately two hours. Breaks were provided as needed. 
Talkers were compensated at $15 per hour for their participation in the study.  
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2.3.2. Clear Speech Training 
Clear speech training aimed to teach participants to produce clear speech with a specific 
focus on reducing speech rate (via insertion of natural pauses) and enunciating (emphasizing 
key words, releasing final stop consonants). This method was developed by Schum (1997) and 
implemented in the Oticon’s “Communication is a Two-Way Street” program (see Appendix A 
for program’s exercises) designed to teach clear speech to communication partners of 
individuals with hearing loss. The PI conducted the 30-minute training. It consisted of a brief 
review of clear speech and how it differs from conversational speech followed by various 
examples and exercises. For example, participants identified keywords in a sentence and then 
spoke the sentence while inserting pauses to highlight the keywords and emphasizing final 
consonants by allowing their release. Exercise materials consisted of Oticon’s program exercises 
and Sentence-In-Noise Perception test materials (see Appendix B). The latter consists of short 
meaningful sentences with keywords underlined. During practice, continuous modeling and 
feedback were provided to participants regarding their performance.   
2.3.3. Recordings Analyses and Processing 
 The speech recordings were obtained using a browser-based voice recorder web 
application (voice-recorder-online.com). Recordings were saved as wav files and digitized using 
a 44.1-kHz sampling rate and 32-bit resolution. An Eboda, model D298, USB Headset with a 




A sound level meter (SLM) application was used to calibrate the recorded speech level 
and assess the testing environment as the recordings were not done inside a sound-attenuated 
booth. SLM app developed by the National Institute for Occupational Safety and Health (NIOSH) 
was used. NIOSH SLM app has a tested and validated accuracy of +/-2dBA and meets Type 2 
requirements of SLM standard (https://www.cdc.gov/niosh/topics/noise/app.html ). Calibration 
was done using the method of approximate calibration with voice and an SLM described by 
Švec and Granqvist (2018). The sound level meter was positioned at 2 inches to the microphone 
(the same distance as the talker’s mouth when recording). At the start of the recording, the 
talkers were asked to produce an /a/ vowel continuously and evenly for several seconds. SLM 
reading along with frequency and time weightings were then noted and announced on the 
recording. The recorded sound /a/ was used as a reference to help calibrate the intensity levels 
in the recording software. The intensity of the productions was measured relative to the 
intensity level of this reference recording. The intensity of the ambient room noise level 
deemed acceptable for recordings was set at 30 dBA. The use of the headset microphone 
served to further reduce the background noise. No audible background noise was noted on any 
of the recordings.   
 The recording sessions yielded 1152 stimuli/sentences (12 talkers x 3 conditions x 32 
sentences per condition). Using Praat software, ten sentences/words/stop consonants per 
condition across talkers were analyzed acoustically. Ten sentences with target words ending 
with stop consonants were randomly selected from each list. The analyses included the 
following features of clear speech, which have been reported in the previous literature 
discussed above:  a) speaking (words per second) and articulation (syllables per second) rates; 
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b) voice intensity (in SPL) of sentences and target words; c) final stop consonant and vowel 
intensity in target words; d) duration of sentences, target words and final stop consonants.  
 Speaking rate measures: The speaking rate was measured in two ways. In line with 
other studies of speech rate in clear speech (e.g., Uchanski et al., 1996), the number of words 
per minute (WPM) in each of the selected sentences was calculated (number of words divided 
by the sentence duration). This measure was done by counting the number of words in the 
target sentence, regardless of any omissions or coarticulations produced by the talkers that 
may have resulted in incomplete or missing words in the actual speech samples. Previous 
studies that used this method have shown clear speech to be slower than 
conversational/habitual speech (e.g., Picheny et al., 1986; Uchanski, 1996). Since SPIN 
sentences vary in the number of words from 5 to 8, the articulation rate was also calculated by 
counting syllables per sentence divided by the duration of the sentence.  
 Intensity measures: Mean and maximum sound level pressure (SPL) of each selected 
sentence and target word was calculated from the root mean average (RMS) intensity obtained 
by extracting intensity contour in Praat. RMS intensity values were converted to dB SPL with 
reference to the recording’s calibration sound. Additionally, the RMS intensity of final 
consonants in target words was measured.  
 Release of final stop consonant bursts: As a supplement to the above acoustic 
measures, the release of bursts in final stop consonants was rated by three judges. Previous 
studies looked at the relationship of consonants to vowels. They failed to find significant 
differences when measuring consonant to vowel intensity ratios (CVR) in clear speech 
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sentences (Krause & Braida, 2004). Furthermore, it has been suggested that CVR measurement 
in sentences is ambiguous because of intensity variations of both vowels and consonants 
(Picheny et al., 1986). Nevertheless, since the clear speech training used in this study 
encourages the enunciation of the final word consonants (and previous studies used natural 
clear speech as opposed to training), word-final consonant measures can help assess the 
effectiveness of this clear speech program.  In addition to acoustic measures of word-final stop 
consonants, the methodology of listener judgments was proposed to perceptually assess 
changes in enunciation. 
 Segmentation: All segmentation was completed manually in Praat. Visual observations 
of speech waveforms and wide-band spectrograms (frequency and intensity trajectories) were 
used. Auditory cues supplemented visual observation. The following general criteria for 
segmentation were adopted from Jovičić & Šarić, 2008 (originally reported in Heuvel, 1996): 
1. Speech waveforms were relied on primarily for segmenting. They especially 
assisted in the identification of burst noises (released bursts of final consonants), pauses, voice 
onset times, period speech segments (vowels); 
2. Intensity temporal trajectories were used to supplement #1 above, such as for 
identification of beginning and end of speech segments, transitions, and steady-state of vowels; 
3. Changes in formant temporal trajectories were used in especially difficult to 
identify boundaries, i.e., boundaries of nasals and liquids. 
 The onsets of sentences were defined by visual observation of the waveform amplitudes 
to determine the onset of periodic energy. The observations were made with approximately 10 
msec resolution and the “move cursor to the nearest zero degrees crossing” function in Praat to 
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find the precise point of onset of energy. The endings of sentences were defined by the marked 
decrease in the amplitude in the periodic energy in the waveform and the end points of 
formants bands. The sentence duration was measured in msec by placing the cursors at these 
onset/offset boundaries. The sentence intensity measures were done within the boundaries 
identified via sentence duration measures. 
 The criteria used to define the start of sentences were also applied for the onsets of 
words that followed 10 msec or longer pause durations. For the words imbedded in preceding 
words, the criteria were chosen depending on the neighboring phonemes. 
1. Vowels/diphthongs transitioning to nasals: intensity trajectories, changes in formant 
trajectories, and perceptual impressions were used to supplement speech waveforms; 
2. Vowels/diphthongs transitioning to stops and affricates: midpoint between the end of 
strong F1 and F2 vowel formants and stop closure; 
3. Vowels/diphthongs transitioning to fricatives: midpoint between the end of periodic 
wave (and end of strong F1 and F2 vowel formants) and the onset of frication noise; 
4. Vowels/diphthongs transitioning to liquids or vowels/diphthongs (and vice versa): these 
were especially challenging transitions to define. A combination of the methods 
described thus far was applied along with auditory perception; 
5. Fricatives to nasals: midpoint between the observed offset of frication noise on the 
waveform and start of periodic energy as well as the onset of voicing; 
6. Stops to fricatives: midpoint between a marked decrease in the amplitude of the 
periodic energy in the waveform (as well as the end points of formants bands) and the 
onset of frication noise of the following fricative; 
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7. Fricatives to stops: midpoint between the offset of frication noise and stop closure; 
8. Liquids to fricatives: midpoint between the end of periodic wave and onset of frication 
noise. 
No other phoneme transitions were encountered. The endings of the final words were defined 
using the same rules as for the ends of sentences. Word intensity measures were done using 
the boundaries identified via the above-described word duration measures.  
 In measuring the duration of final stops, the onset of stops was defined as the onset in 
the periodic waveform amplitude (following closure) and supplemented by formant structure 
and auditory cues.  The same rules as for the ends of sentences/target words were used to 
define the offset of the stops.  
 When completing vowel (of the target words) intensity measures, vowel boundaries 
were first identified using rules adopted from Fletcher et al., 2015. The onset and offset of 
vowels were judged by observing changes to formant structures, voicing (intensity trajectories), 
and periodic waveform shapes and amplitudes. Vowel onset was defined as the start of the 
periodic wave (supplemented by the onset of formant structure). Vowel offset was defined as 
the drop in waveform amplitude and changes in formant structure at the point of the end of 
the periodic wave. Many of the same rules described in word duration segmenting were 
applied here as well. Once the vowel boundaries were identified, the intensity measures within 
those boundaries were recorded.   
 Measurement Reliability: The PI and the research assistant (RA) completed Acoustic 
measures in Praat. The PI conducted ongoing accuracy checks on measures done by the RA. 
Additionally, the PI conducted accuracy checks of duration segmental measures for a randomly 
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selected sample of sentence recordings to assess measurement reliability. This reliability check 
was performed approximately three months after the original measures were completed. The 
sample used consisted of three random sentences in each of the three conditions from four 
randomly selected talkers, comprising 10% of the total duration stimuli. The rechecks were 
done blindly to the initial measures and followed the same guidelines for the initial 
measurements.  
 To analyze the reliability of measures, absolute errors and Pearson product-moment 
correlations were conducted for sentence, word and stop duration remeasures. The correlation 
between first and second measures of sentence duration was 0.98 (M absolute difference 
measure = 0.004 s, SD = 0.03 s) for conversational speech, 0.998 (M absolute difference 
measure = 0.01 s, SD = 0.03 s) for clear speech and 0.999 (M absolute difference measure = 
0.01 s, SD = 0.02 s) for trained clear speech. With regards to word duration, correlation was 
0.98 (M absolute difference measure = 0.003 s, SD = 0.02 s) for conversational speech, 0.99 (M 
absolute difference measure = 0.01 s, SD = 0.02 s) for clear speech and 0.91 (M absolute 
difference measure = 0.01 s, SD = 0.04 s) for trained clear speech. Word final stop consonant 
duration rechecks revealed correlation of 0.93 (M absolute difference measure = 0.01 s, SD = 
0.02 s) for conversational speech, 0.90 (M absolute difference measure = 0.01 s, SD = 0.02 s) for 
clear speech and 0.91 (M absolute difference measure = 0.01 s, SD = 0.02 s) for trained clear 
speech. 
2.4. Statistical Analysis 
 
 The primary purpose of this study was to examine the effects of speaking mode 
(conversational, clear, and trained) on acoustic measures and perceptual ratings of speech 
37 
 
production (the dependent variables). This decision was based on the premise that clear and 
trained speech will result in differences in speech production compared to conversational 
speech. Therefore, the results were compared within talkers to determine the effect of 
speaking style on the speech production measures. The dependent variables (production 
measures) were articulation rate (syllables per second), intensity, duration, and ratings of burst 
release of the final stop consonants. Mean and standard deviations were calculated for each 
acoustic measure across talkers as a function of speaking style. Statistical analysis was 
performed using a one-way analysis of variance (ANOVA) with repeated measures. Results were 
considered significant when p < 0.01. Partial eta squared values were deemed to be small when 
𝜂𝑝
2= 0.01 or larger, medium 𝜂𝑝
2 = 0.06 or larger and large 𝜂𝑝
2= 0.14 or larger. Least Significant 
Difference (LSD) post-hoc analyses were also performed to examine differences between 
conditions. These results were considered significant when p < 0.01. Additionally, duration and 
intensity differences were calculated between the control condition (conversational speech) 
and each of the two experimental conditions (clear and trained speech). Means of those 
differences were further compared using paired t-test, and results were considered significant 



































3.1. Speaking Rate 
 
 The speech rate and articulation rate were examined as a function of speaking 
conditions. Table 2 summarizes descriptive statistics and ANOVA findings for speech and 
articulation rates, discussed in more detail below. 
Table 2 
Summary of Descriptive Statistics and One-way Repeated-measures ANOVA Findings for 
Intensity Measures 
 
3.1.1. Speech Rate (# words/sentence duration) 
 Speech rate, calculated by dividing the number of words in the sentence by the 
sentence duration, is shown in Figure 1. As confirmed by a repeated-measures ANOVA, talkers 
slowed their speech in clear and more so in trained conditions. ANOVA indicated that mean 
speech rate differed significantly between three speaking conditions [F(1, 11) = 4.84, p < 0.001]. 
ANOVA also showed that the mean number of words per sentence did not differ significantly 
between the three speaking conditions [F(2, 22) = 0.87, p = 0.427] (Figure 2). However, since 
the number of words per sentence varied from 5 to 8, articulation rate (number of 
syllables/sentence duration) was also calculated.  
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Figure 1. Mean number of words per sentence as a function of speaking condition is shown. 
   
Note. Error bars show +/-1 standard error. 
Figure 2. Mean word per sentence rate as a function of speaking condition is shown.  
  
Note. Error bars show +/-1 standard error. 
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3.1.2. Articulation Rate (# syllables per sentence/sentence duration)  
The results for articulation rate are shown in Figure 3.  The articulation rate was 
computed by dividing the number of syllables in the sentence by the sentence duration.  
Talkers spoke progressively slower in the clear and trained conditions compared to the 
conversational condition. This finding was supported by a repeated-measures ANOVA that 
indicated that mean articulation rate differed significantly between three speaking conditions 
[F(2, 22) = 181.88, p < 0.001, 𝜂𝑝
2 = .943]. Post-hoc analysis showed both clear (M = 2.81, SD = 
0.28) and trained speech (M = 2.09, SD = 0.39) were significantly slower than conversational 
speech (M = 4.70, SD = 0.31) (p < 0.001). In addition, the trained speech was significantly slower 
than clear speech (p < 0.001), which indicates that the talkers produced significantly fewer 
syllables in a given time when using clear speech than conversational speech. They also 
produced significantly fewer syllables in a given time when using trained speech than clear 
speech.  




Note. Error bars show +/-1 standard error. 
Figure 4 shows the results for articulation rate for the individual talkers. The findings 
were consistent across talkers.  All participants spoke fewer syllables in a given time when using 
clear speech (as compared to conversational) and even fewer when using trained speech 
(Figure 4).  
Figure 4.  Mean articulation rate as a function of speaking condition and talker is shown. 
 
It should be noted, as presented in Figure 5, that there was no significant difference in 
the number of syllables present in each sentence list for the three speaking conditions [F (2, 33) 
= 0.78, p = 0.468]. 

































The duration results are described in this section.  These measures include the duration 
of target words and the duration of the final stops in these target words. Table 3 summarizes 
descriptive statistics and ANOVA findings for the duration of final words and word-final stop 
consonants for each speaking style. 
Table 3 

























Mean Number of Syllables per Sentence as a 




3.3. Target word duration 
   
The results for sentence-final target words in each condition are shown in Figure 6 as a 
function of speaking style.  Target word duration was longest for the trained condition and 
shortest for the conversational condition, with the clear condition falling in-between.  A 
repeated-measures ANOVA revealed a significant main effect of condition [F (2, 22) = 119.28, p 
< 0.001, 𝜂𝑝
2 = .916]. Post-hoc analysis showed a significant difference between conversational 
and clear speech (p < 0.001) target word durations as well as clear and trained (p < 0.001) 
target word durations. This difference indicated that, as a group, talkers prolonged the target 
words when using clear speech compared to conversational speech. Furthermore, the target 
words were even longer in the trained speech condition.  




Note. Error bars show +/-1 standard error. 
 
Figure 7 shows the results for target word duration for the individual talkers.  It should 
be noted that the findings were consistent across talkers.  All participants elongated target 
words when using clear speech (compared to conversational) and elongated them further when 
using trained speech (Figure 7).  























 Figure 8 illustrates word duration differences from conversational to clear and 
conversational to trained speaking conditions as a function of talkers. Figure 9 shows average 
word duration differences in conversational versus clear and conversational versus trained. In 
the clear condition the target word duration increases ranged from 0.07 to 0.28 seconds (M = 
0.17). In the trained condition, they ranged from 0.17 to 0.36 seconds (M = 0.26).  
Figure 8. Word duration changes from conversational to clear and to trained speaking 




Figure 9. Mean word duration changes from conversational to clear and conversational to 
trained speaking conditions are shown.  
  
Note. Error bars show +/-1 standard error. 
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3.4. Word-final stop consonant duration in target words  
 
Word-final stop consonant duration in the target words, shown in Figure 10, 
progressively increased in the clear and trained conditions, respectively. This finding is reflected 
in a significant main effect of condition [F(2, 22) = 6.63, p = 0.006, 𝜂𝑝
2 = .376]. The post-hoc 
analysis did not show a significant difference between conversational and clear speech 
consonant duration (p = 0.340). However, the mean consonant duration was significantly longer 
in the trained than the conversational (p = 0.005) and clear conditions (p = 0.004). These results 
indicated that as a group, talkers prolonged final stop consonants in the trained compared to 
conversational and clear speaking styles.  
Figure 10. Mean consonant duration as a function of speaking condition is shown.  
 
 
Note. Error bars show +/-1 standard error. 
 
However, some inter-talker variability was found in the consonant duration between 


















the three conditions. While most talkers showed a progressive increase in the duration from 
conversational to clear and to trained speaking styles, some did not. For example, talkers 4 and 
11 increased stop duration from conversational to clear but not from clear to trained 
conditions. Talkers 3, 6, and 7 showed a decrease from conversational to clear and an increase 
from clear to trained conditions.  
Figure 11. Mean consonant duration as a function of speaking condition and talker is shown.  
 
 
Figure 12 shows stop consonant duration increases from conversational to clear and from clear 
to trained speaking styles across talkers. Although most talkers increased their final stop 
consonant durations in clear speech and more so in trained speech conditions, some did not. 
The final stop consonant durational changes varied from -0.13 to 0.11 seconds in 
conversational versus clear and from -0.05 to 0.12 seconds in conversational versus trained, 
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showing less variability and greater overall duration increase in trained compared to clear 
conditions (Figure 13). 
Figure 12. Stop consonant duration changes from conversational to clear and conversational to 




Figure 13. Mean stop consonant duration changes from conversational to clear and 









The mean and maximum intensity in sentences, target words, vowels in the target word, 
and final stop consonants in the target words were examined as a function of speaking 
conditions. Table 4 provides a summary of descriptive statistics and ANOVA findings for 
intensity measures. These findings indicated that talkers’ speech productions of target words 
and the final stop consonants and vowels of the target words differed significantly between the 
speaking styles, while sentence intensity did not.  
Table 4 






3.6. Sentence intensity 
Figure 14 illustrates the findings for mean sentence mean intensity as a function of 
speaking condition. With regards to the intensity of sentences, the repeated-measures ANOVA 
did not show a significant mean effect of condition for either mean or maximum intensity 
measures [F (2, 22) = 3.15, p = 0.071 and F (2, 22) = 1.49, p = 0.25, respectively]. This lack of 
significant difference suggests that overall sentence intensity did not vary significantly between 
speaking styles. 




Note. Error bars show +/-1 standard error. 
3.6.1. Target word intensity 
The maximum and mean target word mean intensity as a function of speaking condition 
are illustrated in figures 15 and 16, respectively. In contrast to the sentence-level analysis, 
ANOVA revealed a significant effect of condition for mean and maximum target word intensity. 




Note. Error bars show +/-1 standard error. 










































Note. Error bars show +/-1 standard error. 
A post-hoc comparison showed a significant difference between target word maximum 
intensity of conversational and trained speech (p = 0.01). Post-hoc pairwise comparison 
revealed two significantly different pairs with regards to mean intensity: conversational and 
trained (p = 0.004) and clear and trained (p = 0.008). This indicates that untrained clear speech 
did not significantly increase the mean intensity of words compared to conversational speech, 
whereas trained speech did.  
Figure 17. Mean target word mean intensity as a function of speaking condition and talker is 
shown.  
 
Word intensity differences between conditions were also examined at the talker level to 
evaluate the variability of individual changes. Word mean and maximum intensity measures 


















Mean Target Word Mean Intensity as a Function of  






paired T-test showed that as a group, a significantly greater number of talkers increased their 
target word intensity from conversational to trained as compared to conversational to clear 
speaking condition (M = 4.49, SD = 4.23 vs. M = 1.38, SD = 2.68; t(11)=3.26, p = 0.007) (Figure 
18).  
Figure 18. Mean word intensity changes from conversational to clear and from conversational 
to trained speaking conditions are shown.  
 
3.6.2. Target Stop Consonant Intensity 
 
The maximum and mean target stop consonant mean intensity as a function of speaking 
condition are illustrated in Figures 19 and 20, respectively. ANOVA revealed a significant effect 
of condition for mean and maximum target stop consonant intensity. 


















Mean Word Intensity Changes from Conversational to Clear 






Note. Error bars show +/-1 standard error. 
Figure 20. Mean final stop consonant mean intensity as a function of speaking condition is 
shown. 
 
















Maximum Final Stop Consonant Mean Intensity as a 
















Mean Final Stop Consonant Mean Intensity as a 
Function of Speaking Condition
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A post-hoc comparison did not reveal a significant difference between the maximum 
intensity of target stop consonants in conversational versus clear speech (p = 0.02) or clear 
versus trained (p = 0.083). However, it showed a significant difference in conversational speech 
versus trained clear speech (p = 0.003).  Furthermore, post-hoc pairwise comparison revealed 
two significantly different pairs for mean consonant stop intensities: conversational and trained 
(p = 0.001) and clear and trained (p = 0.011). This finding indicates that, unlike untrained clear 
speech, trained clear speech resulted in a significant increase in mean intensity of stops 
compared to conversational and untrained clear speech. 
Regarding inter-subject variability, although some variation in stop consonant intensity 
changes between conditions was noted among talkers, most talkers increased their stop 
consonant intensity, especially when using trained clear speech (Figure 21). A paired t-test was 
conducted to compare the means of conversational to clear and conversational to trained 
increases in the intensity of stops. The results showed a significantly greater increase in mean 
change of trained stop intensity (M = 4.98, SD = 6.85 vs. M = 9.15, SD = 7.17; t(11)=3.04, p = 
0.011).  
Figure 21. Final stop consonant mean intensity differences from conversational to clear and 




3.6.3. Vowel Intensity  
The maximum and mean target vowel mean intensity as a function of speaking 
condition are illustrated in Figures 22 and 23. The significant difference between the means was 
confirmed by ANOVA, which revealed a significant effect of condition for mean and maximum 
target vowel intensity.  
















Stop Consonant Mean Intensity Differences from 
Conversational to Clear and from Conversational to 






Note. Error bars show +/-1 standard error. 
Figure 23. Mean target vowel maximum intensity as a function of speaking condition is shown.  
 

















Mean Target Vowel Mean Intensity as a 


















Mean Target Vowel Maximum Intensity as a 
Function of Speaking Condition
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A post-hoc comparison showed a significant difference between the mean vowel 
intensity of trained clear speech and the other two speaking conditions of conversational (p = 
0.001) and untrained clear speech (p = 0.001). This difference indicated that talkers’ vowel 
productions became significantly more intense in the trained but not the untrained clear 
speech condition. Moreover, with regards to the maximum intensity of the vowels, post-hoc 
pairwise comparison revealed that all pairs were significantly different: conversational and clear 
(p = 0.006), conversational and trained (p < 0.001), as well as clear and trained (p = 0.003). This 
significant difference shows that not only talkers increased their maximum vowel intensity 
when using untrained clear speech, but they were also able to increase it significantly more for 
trained clear speech.  
 Changes in vowel intensity as a function of condition were also evaluated across 
subjects. Figure 24 illustrates vowel mean intensity differences between speaking conditions 
across 12 subjects and shows that more subjects increased vowel intensity in the trained 
compared to untrained clear speech conditions. Furthermore, the differences were greater in 
trained as compared to untrained clear speech. Paired t-test confirmed that as a group, talkers 
demonstrated a significantly greater increase in intensity when comparing trained to 
conversational as opposed to untrained to conversational speaking styles (M = 2.37, SD = 2.99 
vs. M = 5.52, SD = 3.99, t(11)=4.31, p < 0.001). 
Figure 24. Vowel mean intensity differences from conversational to clear and from 





3.7. Ratings of Final Stop Consonant Bursts 
 
 The raters were asked to indicate their judgment of the target word-final stop 
consonant busts. “Yes” responses were required for aspirated stops and “no” responses were 
required for stops that were judged to have no perceived aspiration. Percentages of aspirated 
and non-aspirated final stops were then calculated for each speaking condition. Table 5 
provides a summary of ratings from three raters.  
Table 5 
Percentages of aspirated and non-aspirated final stops for each rater in each speaking condition 
are shown. 
 Conversational Clear Trained 
Rater 1    
Aspirated 49.4% 65.9% 65.9% 

















Vowel Mean Intensity Differences from Conversational to Clear 






Rater 2    
Aspirated 68.8% 92.0% 94.3% 
Non-aspirated 31.3% 8.0% 5.7% 
Rater 3    
Aspirated 51.1% 71.6% 85.8% 
Non-aspirated 48.9% 28.4% 14.2% 
 
The percentages of aspirated stops for each speaking style were converted to decimals. 
One-way repeated-measures ANOVA was performed to assess the mean effect of condition on 
stop aspiration. The analysis revealed the main effect of speaking condition (F (2, 4) = 22.311, p 
= 0.032, 𝜂𝑝
2 = .918). Furthermore, the post-hoc analysis showed a significant difference between 
aspirated stops in conversational versus clear speaking styles (p = 0.007) and between 
conversational and trained (p = 0.039) but not clear and trained (p = 0.347) speaking styles. This 
finding indicates that raters perceived a greater percentage of aspirated stops in clear and 
trained versus conversational speaking styles. However, raters did not perceive a greater 




























This study aimed to assess the effect of clear speech training on select acoustic aspects 
of clear speech compared to conversational and naturally produced clear speech. This 
investigation was prompted by the previous research on clear speech, which has shown 
improved speech perception in individuals with hearing loss (e.g., Ferguson, 2012; Ferguson & 
Morgan, 2018; Lam & Tjaden, 2013) and a potentially greater benefit with trained clear speech 
(e.g., Caissie et al., 2005; Tye-Murray & Witt, 1997). Previous research has also indicated that 
naturally produced clear speech is highly variable among talkers (Lam & Tjaden, 2013; Maniwa 
& Jongman, 2008), highlighting the need for a method that can elicit more consistent and 
uniform clear speech production. Thus, the aim of this study was to evaluate if training in clear 
speech leads to more significant and more consistent changes in the sentence, target word, 
target word vowel, and word-final stop consonant intensities as well as speaking rate and 
duration of target words, vowels, and word-final stop consonants. In examining the acoustic 
differences between naturally produced (untrained) and trained clear speech, this study sets 
the stage for a further investigation into whether trained clear speech can significantly improve 
speech recognition in older adults with hearing loss.   
4.2. Duration in Trained Clear Speech 
 
This study revealed significantly greater duration and intensity of target words and final 
stop consonants produced by talkers after training than clear speech before training and 
conversational speech, all measures showing a large effect size. These findings support the 
study hypothesis regarding the greater effects of clear speech production training as compared 
66 
 
to clear speech instruction. The earlier research had shown prolongation of phonemes and 
words with naturally produced clear speech (e.g., Picheny et al., 1985, 1986). However, to our 
knowledge, there has not been a study looking at the prolongation of words and phonemes in 
trained clear speech. 
The training in this study focused on the enunciation of the sentence's final words and 
target word-final stop consonants. In conversational speech, final words and their final 
consonants tend to be produced with less intensity and enunciation as the energy drops at the 
end of the sentence (Helfer & Wilber, 1990), making them more difficult to perceive by 
someone with a hearing loss. In contrast, the premise behind clear speech is that it allows 
better recognition of its components due to more clearly identified word boundaries via slower 
speech rate, more frequent and longer pauses, and phoneme enunciation. In line with speech 
perception theories such as TRACE, clearly defined word boundaries facilitate better word 
recognition which is important for speech perception. In focusing on the enunciation of the 
final words and consonants, the goal of the training was to produce clear speech that is easier 
to understand for individuals with hearing loss. It was assumed that some of the acoustic 
manifestations of enunciation are the duration and intensity increase.  
Although the naturally produced clear speech showed longer duration and greater 
intensity of the final words and word-final stop consonants than conversational speech, trained 
clear speech revealed significantly greater prolongation and increased intensity. Suppose the 
ease of speech perception is at least partly correlated (as previous research has suggested) with 
prolonged and more intense final words/consonants than the trained clear speech. In that case, 
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it may lead to more significant improvements in speech understanding in individuals with 
hearing loss.  
 Examining the durational differences of target words in trained versus conversational 
and clear versus conversational speaking styles revealed that all twelve participants prolonged 
the final words in clear speech and did so significantly more in the trained clear speech. The 
variability in the duration lengthening was relatively low, suggesting a greater uniformity of this 
metric. All talkers naturally prolonged target words in clear speech and were easily able to 
lengthen them significantly more after one single session of clear speech training. Other 
researchers have noted a significant talker variability in modifying their speech to make it 
clearer (Lam & Tjaden, 2013; Maniwa & Jongman, 2008). Target word duration does not appear 
to be a highly variable feature of clear speech in this study, especially in the trained condition.  
More variability was noted in the durational changes of word-final stop consonants. 
Nine out of twelve talkers prolonged their final stop consonants in clear and trained conditions. 
Seven out of the nine demonstrated longer stops in the trained condition. It appears that the 
training was effective for talkers with shorter conversational productions of stops and less 
effective for talkers who enunciated their stops more clearly in conversational and especially 
clear speech conditions. For two talkers, stops became shorter in the trained condition. Motor 
theory of speech recognizes some degree of variability in gesture production by the talkers. 
Perhaps because the prolongation of stops is at least in part related to enunciation, this study's 
variability of findings reflects the differences in individual talker speaking styles. It is also 
possible that one training session is not sufficient to produce a difference in final stop 
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production in all talkers. Furthermore, it is likely that clinically, training may be more beneficial 
for talkers who are less skilled at producing natural clear speech.  
4.3. Intensity in Trained Clear Speech 
 
Previous studies on clear speech reported intensity differences between clear and 
conversational speaking styles of around 5 to 8 dB (e.g., Payton et al., 1993). This study 
observed numerically large intensity changes for target words, especially for word-final stop 
consonants and target word vowels, all greater in the trained condition. Average target word 
intensity increases were 1.38 dB for clear speech and 4.49 dB for trained speech. Moreover, 10 
out of 12 talkers in the trained clear speech condition increased their word intensity, compared 
to conversational speech. In contrast, only half of the talkers showed increased word intensity 
in the clear speech condition. This finding suggests that clear speech training may result in less 
variability among talkers. Average stop consonant intensity increases were 4.98 dB for clear 
speech and 9.15 dB for trained speech. In the trained condition, two individual talkers’ stop 
intensity increased by as much as 10.58 dB and 11.1 dB. The average sentence intensity 
increases were minor and did not reach statistical significance: 0.53 dB for clear speech and 
2.38 dB for trained speech in line with other studies (e.g., Lam & Tjaden, 2012). This 
observation suggests that not only talkers (as a group) naturally emphasized final words and 
consonants in clear speech, but the training aimed at enunciating produced significantly greater 
changes in those productions. Since conversational speech voice intensity naturally falls at the 
end of the sentence, the training may partly overcome the intensity decrease.   
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The above was also supported by the findings of changes in the target word vowel 
intensity. Vowel intensities increased more uniformly in the trained condition. In the clear 
speech condition, only 5 out of 12 talkers increased the average intensity of the target word 
vowels by at least 2 dB. 11 out of 12 talkers showed increases in vowel intensity above 2 dB in 
the trained speech condition and exceeded 12 dB in some talkers. The intensity increases in 
target words, target word stop consonants, and vowels were significantly greater in the trained 
speech. This finding shows that talkers could emphasize sentence-final words after just one 
training session on clear speech. Those production modifications may be beneficial for speech 
understanding by individuals with hearing loss. 
As with duration, intensity measures revealed inter-subject variability. The variability 
was, however, also smaller in the trained condition. For example, only half of the talkers 
increased their target word intensity in the clear speech condition; whereas, ten out of twelve 
increased their final word intensity in the trained condition. Coupled with more significant 
average intensity increases in the trained condition, this finding indicates that the training was 
more effective at facilitating a more uniform increase in vocal intensity than clear speech 
produced naturally across talkers. A possible future study would assess trained clear speech in 
two categories of talkers: those who achieve increased intensity with nontrained clear speech 
and those who do not. 
4.4. Speaking Rate in Trained Clear Speech  
 
Regarding the measures of articulation rate, the data in this study agree with the 
previous literature. They show that talkers slow down their speech when asked to speak more 
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clearly. This study also shows that with training, talkers can slow their speech significantly more 
than when using natural clear speech. Caissie et al. (2005) also reported a slower speaking rate 
after training; however, only one talker received clear speech training in their study. In the 
present study, all 12 talkers showed a reduction in their speech and articulation rates in the 
trained compared to clear speaking conditions.  
Previous studies have reported several factors that lead to articulation rate decrease in 
clear speech, such as prolonging phonemes and insertion of more frequent and longer pauses 
(Krause & Braida, 2002; Uchanski et al., 1996). Although this study did not evaluate the possible 
differences in the frequency and duration of pauses, significant durational differences were 
found in the final words and their final consonants, which partially accounted for the slower 
rates. The benefits of a slower speaking rate in the trained clear speech need to be examined 
against the speech perception in individuals with hearing loss, particularly in older adults with 
typical mild to moderate hearing loss.  
4.5. Aspiration of Word-Final Stop Consonants in Trained Clear Speech 
 
Perceptual differences between three speaking styles (as judged by the raters, who 
were speech-language pathologists) were also examined. The raters’ perceptions of word-final 
stop consonant aspirations showed a significantly greater number of perceived aspirated stops 
in the clear speech condition. The number of perceived aspirated stops in the trained condition 
was higher but not statistically significant. Most talkers likely released their final stop 
consonants naturally when using clear speech. Since the raters were only asked to rate the 
absence versus presence of aspiration, the ratings did not reflect a possible greater 
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prolongation of bursts in the trained condition (as observed in stop consonant duration 
measures).   
4.6. Uniformity of Acoustic Changes After Training 
 
 As described above, clear speech training led to reductions in speech rate and increases 
in intensity and duration.   Training resulted in more uniformity across subjects in these 
changes.  After training, all speakers reduced their speaking rate and increased target word 
duration and the majority increased consonant duration, word intensity and vowel intensity.  
These changes exceeded those obtained using untrained clear speech and this finding may 
bode well for the potential of this method to improve speech perception.  
4.7. Limitations and Future Directions 
 
 Several study limitations should be noted. Only one single training session and one 
speech recording after the training were performed. Consequently, it is unknown if the effects 
of training can be retained long-term as a follow-up assessment was not completed. According 
to the motor theory of learning, changes in behavior during or immediately after the instruction 
most likely reflect performance, and, unlike learning, are temporary (see review by Soderstrom 
& Bjork, 2015). Thus, it is unknown if the participants' observed changes in speech production 
were the result of true learning or performance. Since the talkers could easily “perform” the 
skills taught during training, it might be assumed that some learning has occurred. However, 
according to the learning/performance theory, initial performance is not a predictor of learning. 
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Furthermore, the carry-over and the implementation of the skills in real-life situations 
remain unknown. Future studies need to examine the long-term retention of the training 
benefits. Additionally, this study only assessed the effects of training on read materials. Since 
the ultimate goal of such training is to teach communication partners of individuals with 
hearing loss to use clear speech in everyday conversations, more research needs to assess the 
generalizability of training effects to conversational discourse.  
It is also unknown if multiple training sessions could achieve even greater and more 
consistent training effects. The study suggests that one training session yields more significant 
and consistent speech modifications in most talkers compared to natural clear speech. The 
additional training sessions could result in a slower rate and increased intensity and duration in 
talkers. It is also possible that multiple training sessions could result in speaking modifications 
in those talkers who did not demonstrate changes in duration or intensity in this study, thus 
leading to more uniform changes across talkers. If clear speech training could be incorporated 
into hearing aid fitting visits (initial and follow-up fine-tuning sessions), which are typically 
spaced over several weeks, it is likely to offer the most skill retention (review by Soderstrom & 
Bjork, 2015). 
 Most acoustical measures in this study were performed by the PI who followed 
segmentation procedures described in Jovičić & Šarić (2008). The study research assistant 
completed about 20% of the measures to help reduce the investigator bias. These measures 
were spot-checked by the PI to help control for the validity and reliability of measurements. 
Three months after completing the initial measures, PI performed reliability checks in 10% of 
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durational measures to further address possible bias and reliability. These reliability checks 
were completed blindly to the initial measures. The reliability of the measures was good; 
however, the possibility of investigator bias remains, although somewhat reduced by the 
research assistant's measures. The raters’ judgments also supported the acoustical differences 
measured by the PI. Nevertheless, the possible investigator bias is another limitation of this 
study. 
 The findings of this study lend further support to the effectiveness of clear speech 
training in achieving more significant modifications in clear speech production. Additionally, the 
study provides a small amount of data to support the hypothesis that training is beneficial to 
those individuals who are not successful in producing large changes with non-trained clear 
speech. However, to have practical implications, a follow-up study examining the effects of 
production changes following clear speech training on speech perception in older adults with 
hearing loss is needed. Whether or not amplifying these features with clear speech training can 
lead to substantial gains in speech perception is yet to be examined. Previous researchers have 
shown that clear speech modifications examined in this study improve speech understanding in 
persons with hearing loss (e.g., Picheny et al., 1985, 1986) and hearing aid users (Caissie et al., 
2005). Therefore, it is reasonable to hypothesize that if training can achieve greater consistency 
in the production of these modifications, it could lead to more significant improvements in 
speech perception.  
Clear speech gain, while considerable, may not be the only type of benefit to a listener 
with hearing loss. Measures other than percent correct scores on speech recognition tasks need 
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to be explored to assess clear speech benefit. For example, measures of listening effort may 
need to be included to better understand the potential benefits and feasibility of 
implementation of clear speech training in a clinical setting. An interest in what is called an 
effortfulness hypothesis (or effortful listening hypothesis/theory) and how it relates to hearing 
loss has recently emerged in the literature (e.g., Hornsby, 2013; McCoy et al., 2005; Pichora‐
Fuller et al., 1995; Peelle, 2018; Peelle & Wingfield, 2016). The theory suggests that a listener 
with hearing loss uses greater cognitive effort to compensate for sensory declines (Pichora-
Fuller, 2016). This additional processing effort may result in reduced resources for encoding the 
speech information in memory. Since clear speaking style has been shown to ease speech 
perception for individuals with hearing loss, more studies are needed to examine if it can also 
reduce listening effort.  
The Oticon’s Communication is a Two-Way Street training program used in this study 
was originally described by Schum (1997) as a training technique that individuals with hearing 
loss can use in addition to hearing aids. The present study lends further support to the 
effectiveness of the technique in eliciting greater production changes in talkers. If the 
subsequent studies confirm that clear speech training can result in greater speech perception 
benefit, such training can be recommended to communication partners of individuals with 
hearing loss. Both users and non-users of hearing aids have the potential of benefiting from 
clear speech. However, since as much as 70% of adults with hearing loss do not use hearing aids 
(NIDCD, 2014, September), clear speech could potentially be especially beneficial in this 
population. The techniques described in the training program could be taught as part of hearing 
aid counseling and could be easily adapted to either in-person or remote care models. 
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Furthermore, some of the training could be completed by the families independently at home. 
With the newly revived interest in the benefits of aural rehabilitation, clear speech training 
could play an important role in improving the communication of individuals with hearing loss.  
4.8. Conclusions    
 
Eliciting clear speech by means of clear speech training has received only limited 
attention by researchers and needs to be addressed further. Teaching and evaluating clear 
speech modifications highlighted by this study and other researchers can help understand clear 
speech production and perception mechanisms.  Furthermore, such investigations could help 
design clear speech training programs as part of aural rehabilitation for individuals with hearing 
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